The aim of this study was to evaluate whether low doses of aspirin (100 mg per day) administered to a homogeneous population of women early (8-10 weeks) during their first pregnancy improved the outcome of gestation hypertensive disorders. This study was performed at the Blida Hospital, where many early deliveries and pregnancy complications are observed. A total of 164 women were either treated (82) or used as controls (82). Treatment increased the gestation length by 12 days on average, thus triggering an approximate 150-g increase in newborn weight. This consistently improved the outcome for all patients with respect to all parameters investigated. Overall, the relative risk of developing hypertensive disorders of gestation was reduced to 0.07 (confidence interval¼0.01-0.51). In our series, we did not observe deleterious consequences for the fetus (teratogenicity and fetotoxicity) or adverse outcomes for the mothers. Despite the limited number of patients analyzed, the present study is one of the largest investigating early aspirin treatment of gestational hypertensive diseases. In addition, the time of aspirin administration is among the earliest yet examined. The data tend to confirm the results obtained from other cohorts on the overall benefit of aspirin treatment for gestational disorders. In the future, molecular or ultrasonographic markers of these diseases could help to screen patients before applying the treatment.
INTRODUCTION
Pre-eclampsia and other hypertensive diseases of pregnancy are associated with systemic endothelial dysfunction causing materno-fetal morbidity and mortality. These diseases occur de novo (that is, in patients who did not present hypertensive symptoms before gestation), and they can only worsen with the course of pregnancy. The hypertension in pre-eclampsia is associated with proteinuria. In the most severe cases, pre-eclampsia necessitates pre-term extraction of the fetus and is therefore a major cause of prematurity. 1, 2 It is estimated that overall, 16% of mothers develop a hypertensive disease of pregnancy. In preeclampsia, this has been associated with visceral alterations that later affect the mother's well-being; for example, it has recently been shown that mothers who experienced pre-eclampsia have a higher risk of undergoing a renal transplant later in life, with a relative risk of 4.7. 3 These hypertensive diseases are of placental origin, because the delivery is generally followed by the disappearance of symptoms, often in less than 1 week. 4 The link between placental dysfunction and the mother's syndrome has been quite elusive until the last 10 years or so, when the hypothesis of residual syncytiotrophoblastic material from placental shedding 5 or placenta microparticles 6 was put forward. This material can release vasoactive substances to the maternal blood flow, which in turn could durably affect the maternal endothelium throughout the body. Indeed, specific alterations of protein content in the mother's serum in pre-eclampsia have now been documented in several proteomic studies. 7, 8 Pro-inflammatory molecules such as C-reactive protein were consistently increased in the maternal serum along with coagulation factors such as gamma fibrinogen, various SERPINs of the A and C clades (some possibly synthesized by the placenta) 9 and lipid transport molecules such as apolipoproteins.
At lower levels than those accessible to proteomic analyses, the discovery of an abnormally increased concentration of soluble receptors for angiogenic factors (sENG, a receptor for ligands of the bone morphogenetic proteins (BMP) family and sFLT1, the soluble receptor for vascular endothelial growth factor (VEGF)) in preeclampsia has likely been the major discovery of recent years with regard to elucidating this disease. [10] [11] [12] These soluble molecules may be generated by changes in the splicing of mRNA, such as the e15 isoform of sFLT1, [13] [14] [15] and are thought to have the role of 'molecular traps' for their active ligands.
The use of aspirin to ameliorate the symptoms of pregnancy hypertension has been widely documented and debated. Today, more than 500 Pubmed references appear when 'pre-eclampsia' and 'aspirin' are used as keywords. 16 As an illustration of this debate, a recent study failed to find any association in a cohort of women followed after in vitro fertilization/intra-cytoplasmic sperm injection (IVF/ICSI). 17 Recently, however, a meta-analysis that collected data from 11 748 women was able to show that the administration of aspirin at low doses before the 16th week of gestation resulted in a relative risk of pre-eclampsia of 0.44. 18 In contrast, the improvement is completely absent when the treatment is given after the 16th week. This discrepancy is probably the major reason for the existence of contradictory results in many studies of aspirin administration during gestation.
In the present study, we performed phenotypic analysis of patients and newborns seen at the Blida Hospital (Algeria). Women were divided into two groups of 82 aspirin-treated women and 82 nontreated women. In the absence of treatment, numerous materno-fetal complications occur. Pre-term deliveries are more common in Algeria than in Western society. There is therefore a need for drugs such as aspirin that are inexpensive and easily applied. This work is novel compared with previous studies about early treatment with low doses of aspirin in the following two ways: (i) according to the recent metaanalysis by Bujold and et al. 18 nine studies from 1985 to 2005 satisfied the criteria for eligibility, and all analyzed fewer than 73 treated patients and 63 controls. In this study, we analyzed 82 treated and 82 control patients. (ii) The systematic administration of aspirin at low doses (100 mg per day) was continued from the 8th to the 36th week of pregnancy, whereas most studies started treatment during weeks 12-14. We observed an average increase of 12 days in the duration of gestation, with beneficial effects on fetus health and weight and a significant decrease in maternal complications induced by hypertensive gestational disease. Our study therefore confirms the idea that aspirin would be a potent help in decreasing the deleterious effects of pre-eclampsia and other hypertensive gestational diseases, once a reliable early marker of at-risk pregnancies is developed.
METHODS

Patients, ethics and medical treatment
Two cohorts of 82 patients and 82 controls were analyzed in this study after randomization for treatment (using anonymous sealed envelopes). The control and treated groups were not statistically different with respect to age, body mass index, gestity and parity ( Table 1) . The patient and the study promoter were not blinded to the conditions of treatment. Inclusion criteria were primigest women consulting before the 10th week of amenorrhea without previous vasculo-renal pathology. Fewer than 5% of the women were multigest nulliparous (no previous pregnancy of more than 20 weeks of amenorrhea). The gestational age was confirmed between 10 and 13 weeks according to the standards of the French College of Echography. The crown-rump length was measured, gestational age was deduced and fetal growth was followed from 10 to 13 weeks on. Exclusion criteria were: patients consulting later than the 10th week, patients with a counter-indication to the use of aspirin, patients with chronic arterial hypertension before pregnancy and patients with chronic nephropathy or with a known auto-immune disorder. We also excluded twin pregnancies and diabetic women. Despite this selection, the placebo group delivered around 35 weeks, but this was not unusual among the Algerian population. Sample size was calculated for detecting differences at a risk of 5%, a detection power of 80% and a confidence level of 95%. Based on observations from a preliminary study, it was expected that the initial proportion of gestational hypertension (GHT) of B16% would decrease to B5% or less. These values led to the estimation that 82 patients were necessary in each group, which explains why we used a cohort of this size (164 patients among B200 who were invited to participate). Each patient provided his or her informed consent according to the local ethical regulations. Medical treatment consisted of 100 mg per day of aspirin per os, taken in the evening, before the 10th week of amenorrhea; the treatment was systematically arrested at the end of the 36th week. The bleeding delay was checked before drug treatment and controlled 15 days after the start of the treatment. In all 82 treated patients, treatment was continued until the end of the experiment.
Medical follow-up
Success of the treatment was defined as the absence of gravidic hypertension, pre-eclampsia or other signs of systemic endothelial dysfunction and materialized by the absence of materno-fetal complications. Maternal complications included HTAG systolic blood pressure 4140 mm Hg and diastolic blood pressure 490 mm Hg, pre-eclampsia defined by a systolic blood pressure 4140 mm Hg and diastolic blood pressure 490 mm Hg with 4300 mg per day proteinuria, retroplacental hematoma, HELLP (hemolysis, elevated liver enzymes, low platelet syndrome) and post-partum hemorrhage. For the child, the occurrence of IUGR (intra-uterine growth restriction), prematurity and perinatal mortality was recorded.
Statistical analysis
Statistical analysis was systematically performed using w 2 contingency tests. A P-value of o0.05 was considered significant. Odds ratios and confidence intervals were calculated according to the web site http://www.hutchon.net/ ConfidRR.htm, developed by Dr David JR Hutchon.
RESULTS
The risk of gravid hypertensive disorders was reduced by aspirin administered from the 8th week of gestation Various types of maternal complications (gravidic hypertension, preeclampsia, retroplacental hematoma, HELLP syndrome and postpartum hemorrhage) were followed in treated and non-treated patients. All these complications were reduced or absent in the treated group (see Figure 1) . When all these complications were considered, the difference was highly significant (25 cases of complications vs. 4, P¼1.7Â10 À5 ). The number of hypertensive gravidic diseases was 13 out of 82 in the non-treated group (four cases of pre-eclampsias and nine cases of GHT), as compared with only one case of GHT among the 82 treated patients (15.9 vs. 1.2%, Po0.0008). The relative risk was estimated at 0.07 (95% confidence interval: 0.01-0.51). Taking each condition separately, the risk of GHT was significantly decreased (P¼0.009), as were the risks of pre-eclampsia (P¼0.04) and retroplacental hematoma (P¼0.04). The risks of HELLP and post-partum hemorrhage, respectively, were not significantly decreased in the treated group.
Under aspirin treatment, the average age for delivery was increased by 12 days The distribution of ages at delivery is shown in Figure 2 . The difference following treatment was highly significant after pooling of the three earliest age categories to reach a number of cases 45 in at least one group (Po3.4Â10 À11 ). The average age at delivery was 36.6 weeks in the treated group vs. 34.7 weeks in the non-treated group. These results indicate that aspirin treatment delayed delivery by almost 2 weeks, with a complete absence of deliveries before 32 weeks in the treated group.
The weight of the newborn was increased under aspirin treatment Concomitantly with the increased age at delivery, the weight of the newborns was significantly increased (Po6.8Â10 À5 , Figure 3 ). The average difference in baby weight was B150 g. Analysis of intrauterine growth curves suggests that this difference may be directly attributable to the difference in gestation length. If the newborns are classified in two categories-up to 2.8 kg or above 2.9 kg-the improvement is clear, with an odds ratio of 4.8 (95% confidence interval: 2.3-10.2).
Fetal complications were reduced under aspirin treatment
In the non-treated group, there were many more premature newborns than in the treated group. This difference correlated directly with gestation length. Quite notably, there was a strong and coincident reduction in perinatal mortality that was never observed in the non-treated group (Figure 4) . Overall, the difference between treated and non-treated groups with respect to the number of fetal complications was highly significant (Po1.3Â10 À3 ), with the risk of prematurity reduced B5 fold (relative risk (RR)¼0.22 95% confidence interval: 0.08-0.63). No perinatal death was observed in the treated group; seven cases were observed in the non-treated group. The high incidence of perinatal deaths observed among the non-treated patients Figure 2 Aspirin treatment increases gestation length. On average, the treatment lengthened gestation by 12 days. The color code is the same as in Figure 1 . Very premature babies were observed only in the non-treated group. In the treated group, B60% of the babies were born at 37-38 weeks of amenorrhea vs. 35-36 weeks in the non-treated group. Figure 1 . Perinatal mortality was found at an elevated frequency in the non-treated group and among the premature infants. The specific labeling of the 10 cases of mortality with a hachured pattern is meant to take this into account, without counting them in the grand total. Figure 1 Aspirin treatment reduces the risk of maternal gravidic complications. Five types of gestational complications were followed. Gravidic hypertension and pre-eclampsia were considered to belong to the category of hypertensive diseases. Dark boxes correspond to treated cases and light gray boxes to non-treated cases. A significant improvement was visible in all situations (see text).
Early aspirin treatment of gestational diseases A Bakhti and D Vaiman in this hospital condition (B8.5%) is nevertheless consistent with a more extensive study of more than 22 000 births that yielded an estimate of 8.05% for perinatal death in nulliparous women in this region and these conditions.
DISCUSSION
Numerous studies have attempted to evaluate the beneficial effects of aspirin treatment in gestational hypertensive disorders, especially pre-eclampsia. Despite apparently conflicting results, it now appears that aspirin administered early has a genuinely positive effect on the outcome of such at-risk pregnancies. 19 The study of Bujold and et al. 18 confirms this hypothesis, because the papers dealing with early aspirin treatment consistently show a positive effect, with a relative risk ranging from 0.07 to 0.63 for pre-eclampsia and from 0.20 to 1 for IUGR. [20] [21] [22] [23] [24] [25] [26] [27] The present study is the largest to date with respect to the number of patients and the only one to administer aspirin at such an early point of gestation. In accordance with previous observations, we show that aspirin diminishes the risk of developing a hypertensive gravidic disease by threefold and delays the time of delivery by almost 2 weeks, thus increasing the birth weight by more than 150 g. The risk of maternal complications was also reduced, and the risk of fetal complications was reduced by B10-fold. The improvement in fetal outcomes is particularly striking in such a situation, where some weaknesses in the local health system lead to an important toll in terms of preterm mortality (see Figure 4) . The function of aspirin in preventing gestational hypertension diseases is not completely understood. Few studies have attempted to elucidate the role of aspirin by specifically designed experimentation. A recent study performed on cell culture with antioxidants, aspirin and heparin identified BeWo carcinoma cells as putative surrogates for trophoblasts owing to their PP13 increase following forskolin treatment; however, this study failed to detect specific effects of aspirin except for an increase in cell fusion induced by forskolin treatment. 28 This may be due to the fact that the main targets of aspirin may not be cytotrophoblast-or choriocarcinoma-derived cell lines, but rather endothelial cells in the vascular part of the placenta. In the convoluted network of mechanisms involved in the onset of pre-eclampsia and other related disorders, 29 thromboxane has been involved in placentation defects, which may lead to ischemia, placental thrombosis and platelet aggregation. It has been shown that low doses of aspirin selectively inhibit thromboxane A2 production by acting negatively on PTGS2 (COX2), the enzyme responsible for the conversion of arachidonic acid to thromboxane, and thus may prevent pregnancy-induced hypertension. 22, 30 A recent study on isolated trophoblasts showed that aspirin is able to decrease the release of thromboxane when the trophoblasts are isolated from normal but not from pre-eclamptic placentas. 31 This again could suggest that when the pathology is established, the beneficial effects of aspirin are absent.
In conclusion, despite the need for large, double-blind, randomized studies, the present results support the idea that prescribing 100 mg per day of aspirin to nulliparous women is a particularly efficient way of preventing pregnancy-associated hypertensive diseases. In the future, the development of genetic and/or serological tests may be helpful to decide which patients should be treated.
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